


























































































































usually a meander bend). Channel-geometry surveys
between 1994 and 1995 show up to 2 m of aggradation
in some of the recently abandoned channels. Sediment
loads in the Virgin River, like in many southwestern
United States streams, can be high. The highest instan-
taneous suspended-sediment load for the March 1995
flood measured at the Riverside bridge was 1,430,000
metric tons per day, with an associated suspended-
sediment concentration of 40,300 mg/L and a water
discharge of 411 m%/s (Bauer and others, 1996, p. 65).
Bedload was not measured because of the high stream-
flow velocities. However, visual analysis of the sedi-
ment deposited from the March 1995 flood showed that
large cobble-size material (median diameter, 46 mm)
was transported as bedload. These high sediment loads
result in the plugging of the channel with sediment,
which leads to channel avulsion.

Vegetation

Vegetation changes on the flood plain of the lower
Virgin River have affected channel stability. Today, the
flood plain is covered almost entirely by tamarisk (salt-
cedar). Tamarisk is a non-native species, indigenous to
the Mediterranean area, that was introduced in the
United States first as an ornamental plant and then later
as an erosion-control plant (Robinson, 1958). Tamarisk
was thought to have been introduced into many south-
western United States streams in the late 1800’s to
early 1900°s when tamarisk “escaped from cultivation”
(Robinson, 1965, p. Al). However, Escalante report-
edly identified tamarisk in 1776 in Fort Pierce Wash, a
tributary to the Virgin River, near the Utah-Arizona
border (Christensen, 1962, p. 53).

On the basis of historical research of many south-
western streams, Christensen (1962) found that tama-
risk spread rapidly from approximately 1925 to 1960,
with the greatest invasion from approximately 1935 to
1955. This increase corresponds with the observed
changes in vegetation density seen in the historical
acrial photography for the lower Virgin River. In the
1938 photos (figs. 84 and 94), vegetation 1s sparse on
the flood plain, but by 1953 (figs. 8B and 9B) the vege-
tation density has greatly increased. Although the type
of vegetation cannot be positively determined from the
acrial photography, tamarisk presumably dominates.

By 1953, the vegetation occupied areas that
had been part of the old channel and this coincides
with the period when channel narrowing was observed.
Thus, the vegetation encroachment and channel-
narrowing process were related and probably occurred

simultaneously as a result of decreased discharges dur-
ing the mid-1940’s to mid-1970’s. Aggradation of the
flood plain also probably occurred when the river over-
flowed the banks. These geomorphic processes are
consistent with those observed on many southwestern
streams (Graf, 1978, 1987; Hereford, 1924, 1986,
1995).

Tamarisk has continued to play an important role
in the more recent channel stability of th= river. The
density of vegetation on the flood plain continues to
increase, although it is often destroyed in localized
areas along the channel margins during tigher stream-
flow, such as in the late 1970’s-early 1980°s. The only
time that large amounts of flood-plain vegetation are
destroyed is when channel avulsion occurs. However,
tamarisk quickly recolonizes exposed ba-s and begins
to stabilize them, resulting in continued channel nar-
rowing and deepening. Recently, more native plants,
such as willows, have begun revegetating some of the
newly exposed bars and margins of the channel where
widening was localized during the wet years of 1993
and 1995. The native vegetation may continue to dom-
inate these areas or the tamarisk may eventually
outcompete the native vegetation, as in the past.
Regardless of the type of vegetation now occupying the
channel margins, the channel is likely to remain narrow
and meandering unless a long-term increase in stream-
flow results in the removal of the vegetaton on the
flood plain.

Anthropogenic Influences

Anthropogenic influences are important for
understanding many of the observed channel changes,
especially at the Mesquite bridge site. The Virgin River
Valley was first colonized in 1864 at a site approxi-
mately 1.6 km upstream from Littlefield, Ariz., near the
mouth of Beaver Dam Wash. The largest early settle-
ment was Bunkerville, Nev., established in 1877. Bun-
kerville was a Mormon agricultural comrunity that
grew cotton, grain, and fruit. The town of Mesquite
was first established in 1879, but was abandoned in
1891 due to a flood (Hulse, 1972) and then reestab-
lished in 1895. Bunkerville, just across the river from
Mesquite, continued to be the larger towr until the
segment of Interstate 15 west of Mesquite was com-
pleted, bypassing Bunkerville. In the past several
years, Mesquite has been growing rapidly as a major
tourist center; the increased urban develo~ment has
resulted in many changes to the flood pla‘n of the
Virgin River, and thus to the channel stab-lity.
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The first anthropogenic change to the flood plain
was from agriculture. To irrigate the agricultural area,
several irrigation diversions were built along the river
and many are still in operation, having been rebuilt
after almost every major flood. These diversions gener-
ally control the position of the river at least to some
degree, but during periods of high streamflow the river
often destroys these structures and cuts a new channel.
Through time, many owners of these agricultural areas
have tried to use some form of bank stabilization (old
cars and tires, for example) in an attempt to keep the
Virgin River from eroding the land. Stabilization
efforts were often unsuccessful, especially during
larger floods. During periods of low to moderate
streamflow, the bank stabilization has constricted the
channel and not allowed the river to utilize the entire
flood plain as it had historically, resulting in a narrow,
deep channel with confined meanders and steep chan-
nel gradients.

In addition to agriculture encroaching on the
flood plain, more recent urban developments, such as
the sewage-treatment ponds, have further confined the
valley width and the area in which the channel is able
to migrate. This confinement appears to be a major fac-
tor associated with the scour problem at the Mesquite
bridge. The channel reach that includes the bridge is
naturally constricted compared to channel reaches
upstream and downstream. The natural constriction is
further enhanced by the encroaching agriculture and
sewage-treatment ponds. By forcing the river to go
through a narrower opening, the river must find a way
to dissipate its energy. The two most obvious ways for
the river to dissipate its energy are to meander, reduc-
ing the channel gradient, or to downcut, resulting in
scour. Beginning about 1978, according to the aerial
photographs, the river began forming a meander that
threatened the sewage treatment ponds. This meander
has been physically removed several times by channel-
ization, but continues to reform as the river minimizes
its energy in the constricted zone. By limiting lateral
migration and further confining the channel by contin-
ued development on the flood plain, the expected result
will be an increase in scour, causing increased prob-
lems for the structural stability of the Mesquite bridge.

A similar response has been observed at the Riv-
erside bridge, although this study reach has not been as
greatly influenced by anthropogenic changes. Agricul-
tural areas have encroached on the flood plain immedi-
ately downstream from the bridge. The natural valley
constriction at the Riverside bridge is prominent.

The response of the river has been to form large mean-

ders upstream from the bridge. The meandering pro-
cess has not been altered and is thought to be a main
reason for the reduced scour problem at this bridge as
compared with scour at the Mesquite bridge.

SUMMARY AND CONCLUSICNS

A bridge-scour study by the U.¢'". Geological
Survey, in cooperation with the Neva-da Department
of Transportation, began in April 1996 to evaluate
the Mesquite, Nev., and Riverside, Nev., bridges on
the lower Virgin River using a sediment-transport
model and historical geomorphic date. The BRIdge
Stream Tube model for Alluvial River Simulation
(BRI-STARS) was used to estimate b-idge scour.

The model was first calibrated using information from
a flood on March 12, 1995. Model-input data included
channel geometry, bed-material size distributions,
streamflow-hydrograph data, water-svrface altitudes at
the initial downstream cross section, a water-tempera-
ture value, roughness coefficients, and a sediment-
trangport equation. Channel geometry was surveyed at
11 cross sections for dates before and after the March
1995 flood to evaluate the model results. The model
estimated the thalweg altitude within 1 m at 10 of the
11 cross sections. On the basis of the calibration results
compared to the observed channel changes between
1994 and 1995, the model provides a good estimate of
scour at the bridges.

The calibrated model then was used to estimate
the contraction, channel, pier, and total scour or fill for
synthesized hydrographs of the 100- and 500-year
floods for the two bridge sites. The maximum contrac-
tion and channel scour or fill at the M=squite bridge
was 0.20 m of fill for the 100-year flood and 0.22 m of
fill for the 500-year flood and at the Riverside bridge
was 0.41 m of scour for the 100-year flood and 0.47 m
of scour for the 500-year flood. The maximum pier
scour at the Mesquite bridge was 1.5C m of scour for
the 100-year flood and 1.54 m of scour for the 500-year
flood and at the Riverside bridge was 1.49 m of scour
for the 100-year flood and 1.54 m of scour for the 500-
year flood. The maximum total scour at the Mesquite
bridge was 1.30 m for the 100-year flood and 1.32 m
for the 500-year flood and at the Rive-side bridge was
1.90 m for the 100-year flood and 2.01 m for the 500-
year flood. The simulated scour for th= 100- and 500-
year floods was less than anticipated et the bridges
on the basis of the scour computed for the lower
magnitude floods used in the calibration process. The
cross sections also showed little scour for the 100- and
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500-year floods. The low scour may be attributed to the
large amount of sediment being transported and how
the model was designed.

General scour was evaluated using stage-
discharge relations, 1993-95 channel cross sections,
and channel-geometry data for the modeled 100- and
500-year floods. No long-term trend of aggradation or
degradation was determined from analysis of stage and
discharge at the Littlefield gaging station. However,
several cycles of aggradation and degradation were
observed and the difference between the highest and
lowest stage was 0.87 m for 1929-95 for a chosen low-
flow discharge of 5.66 m?>/s. This value is probably the
best estimate of general scour. The cross sections had
an average depth of scour of 0.07 m between 1993 and
1994 and 0.16 m between 1994 and 1995. The model
results for the 100- and 500-year floods showed little
scour at the cross sections and did not give a good esti-
mate of general scour, probably because the duration
(days) of the floods used in the model was relatively
short compared with the duration (months or years) of
geomorphic processes that influence long-term aggra-
dation or degradation.

Channel morphology of the Virgin River near the
Mesquite and Riverside bridges has changed dramati-
cally, as evident from the historical aerial photography.
The Virgin River has become narrower and more sinu-
ous through time, the vegetation on the flood plain has
increased, and the channel has shifted laterally many
times. To understand why the river has changed
through time and how this relates to the current bridge-
scour problem, all the geomorphic processes and fac-
tors need to be considered.

Climate and streamflow records indicate that the
early 1990’s was a relatively dry period, with 1993 and
1995 being abnormally high streamflow years. Histor-
ically, the greatest channel changes have occurred dur-
ing longer duration floods that were generally part of a
series of floods in which the first few do not result in
much geomorphic change, but subsequent ones result
in greater channel change, probably due to saturated
channel bank conditions. Channel avulsion, a result of
sediment plugging the old channel, appears to be the
process that results in the most noticeable channel
changes. Sediment loads are higher for winter floods
because winter floods are generally of longer duration
and have a greater water discharge than the summer
floods. Construction of Quail Creek Reservoir near St.

George, Utah, did not result in decreased sediment
loads in the Virgin River because the reservoir is off-
stream. When Quail Creek Dam failed 01 January 1,
1989, the resulting flood did not cause ruch geomor-
phic change to the lower Virgin River, probably
because of its short duration. Vegetation and anthropo-
genic influences, especially those related to flood-plain
encroachment, have played important ro'es in channel
stability and are probably key factors in the vertical
scour at the bridge sites.

If any of these geomorphic factors change in the
future, accompanying changes are likely in the stability
of the river. Some of these factors, such as long-term
trends in streamflow as a result of climat= change and
the channe! avulsion process, cannot be easily man-
aged. However, anthropogenic influences such as
encroachment on the flood plain and regulation of flow,
can be controlled. The geomorphic processes acting on
the Virgin River are among the factors to be considered
when designing bridges and other structures.
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1995 Surveyed Cross Sections in Relation to Resulting Model Cross Sections
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Channel Geometry of Cross Sections Surveyed in 1993, 1994, and 1995
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APPENDIX C

1994 Channel Geometry in Relation to Channel Geometry After Synthesized
100- and 500-Year Floods

APPENDIX C 63



SHALIW NI MNvE L1437 WOH4 AONVLSId

Ccel Cel vl Cct CCH CS CS Cv Co
- Pooy JeaA-00§ Jeye apmigly Tt
- (ex uonjesabbexs [eojLan) poolj JeeA-00 1 aye epmaly  ——~=
.l m ZO_._-OWW wmomo hN _|_O<MN_ (b661) spnue reniu|
i | 1 1 ] 1 i 1 1 L f ] ! | 1
08t oY 74

)4

T

0cl

00} 08 09

(ex uoneiabbexa |eoiLoA)
I NOILD3S SSOHD ‘2 HOV3IY

poo} 1eak-00G 1oy 8PNy vttt
pOOJ) Jeak-00| 1eye apnilly ———-—

(b661) apne [enu|

| 867

00S

1 20s
| v0s
| 905
1 805

0LS
¢S
1745°,
91§
81§

86

00S

1 205

r0S
905
80S
01S

1 215

143

1 916

81G

73A3T VIS 3A0GV SHILIW NI "FIANLILTV

64 Estimates of Bridge Scour at Two Sites on the Virgin River, Southeastern Nevada



SHILAW NI "MNVE 1437 WOH4 JONVLSIa

0G¢2 00¢ 0G4

T T T T _ T T T T _ T 1 T T — T T

(/x uoneiabbexa [eolLan)
¢ NOILD3S SSOHO ‘€ HOV3aY

00t 0S

pooj) Jeek-00G Jeye epniyy e

poojj Jeak-0Q | Jeye epmily ————

(y661) opnie [eru

(/X uoleiabbexa [eoiuaA)
I NOILD3S SSOHO ‘€ HOV3AY

poojj Jeek-00G 1eye epnily)y e

pooj} JeeA-Q0| Jeye epnuyyy ————

(P66 1) eprnje enluy

0Ly
cly
viv
9/v
8.
08t
c8y
14217
98y
88
06V

0Ly

| 2lb

v.iv
9/v
8.V
08y
c8y
14°1%
98v
88Y
06t

73A31 vV3S 3A08Y SHILIAW NI "FANLILTY

65

APPEMDIX C



0o¥

SHI1LIW NI ‘MNvE 1497 WOH4 IONVLSIA
0G€ 00€ 0G¢ 002 oGt 00t 0g

pooy} JeeA-00G Jeue apnuly e
(2x uonesobbexa [eolUaA) O

€ NOILD3AS SSOHD ‘€ HOVY3Y ($661) ePnie fermuj

0Lv
cly
(7A%

1 9.¥

8.Lv
08%
414
4517
98y
88v
06v

13A31 V3S IA0AV SHILIN NI 'FANLILTV

66 Estimates of Bridge Scour at Two Sites on the Virgin River, Southeastern Nevada



SHILAW NI ‘MNvE 1437 WOH4 AONVLSIA

006 008 00. 009 005 00t 00€ 002 00} 0
Sttt oSS
E 1 gev
- { ovy
= == / A4 %
: - 1 b
. 1 ov
E 1 8v¥
Teef-00s JYE apnuly  cc e
) (S1x uopieiobbexs [eolLBA) H__Hi%” ”H“u Q 05V
- € NOILO3S SSOHO ‘v HOV3aH AR p— 1997
. 1 vS¥
YRS N W T U T Y T N U A T A T T W T A Y T T N SO0 T WO O N S0 UOU UG S0 O S S T [ YA YOO U TN WY TN T N (DU T TN WO W VAN WA M N S YT A WA DA YOO N 0 0 Y N S T WY W VY T [ SO Y N T N U wmq
006 008 00. 009 005 00 00€ 002 00t 0
SRS oM SN UL o7
. 1 gev
R | oy
E A
: aa%
R o
. gy
n : pooyj 1eah-00g Jaye apnily e 4 0Sv
i (G1x uonesabbexs _mo_toa pooy) 10A-00} JaE SpMiplY  ~= == 1 zsp
- L NOILO3S SSOHD ¥ HOv3Y (b661) SPNUYE [BIy| 1 pep
n_______,_____________LPF_________.__.__..___.___.__.__.__.___.___________r_.___________.1wm.v

67

APPEIMNIX C

713A31 VIS IA0EY SHILIW NI 'F3ANLILTY



00L't  000°F 006

SHILIW NI MNVE 1437 WOHd JIONVLSIA
004 009 005 00y

00 00¢ 00} 0

i TTrrrrry j_ LI B I N B N B — rrvrrrrrrrt — L L R L _ T 1 7T TrTrrJruvi _ rr1rrr7r7vrTvT _ TT1TrrTrrTryvry _ Py rTvyrT — TTrrrrrurrT _ LI L L L) _ rrirririrTuord

- > o :
L m ,m. _
- mm -
- > -
N pOOJ) JBAA-00G Joye spny  cccc e i
B (g1x uoijeiobbexa |eoiuan) pooyy Je-001 JONE SprY  — =~ ]
i I NOI1LD3S SSOHD ‘G HOVAY (¥661) OPME [e1Y| .
] | I T I T | _ B T I T N T I W | _r\— 1 1.1 ) 1 1111 _ | I T T T I _ | S S T | —|P— | N T T T T | _ b I T N T T I T | _ L1 0 f 5 1.8 11 — | W T T T Y T I | _ | T T I T I | _ | S T T T U N PI

ety
1414
9cv
51917

1 oy

A4%
174747
S174%
21747
oSy
[4°1 4

73A3T V3S 3IA0QY SHILIN NI 'IANLILTY

68 Estimates of Bridge Scour at Two Sltes on the Virgin River, Southeastern Nevada



SH3ALANW NI MNVE 1437 INOHd IONVLSIA

00L'L  000°L 006 008 004 009 00g9 (010)7 00¢ 002 00} 0
L L L R L L L L L L L L L I LN L L B B R
: L/l\nuflr :
i L
- ;
.I pooy JBaA-0QG Joye apniy e |.
i (81x uonelobbexs [eolUaA) PoOy Jeak-00 | JoE apmy = === 1
.l .VZO_._.OWW WWOW_O .m IO(MN_ (ves 1) a@pnuie Jeiiuy) 1.
T P T T P N DI T T T

00L'L 000t 006 008 004 009

009 ooy 00€ 00¢ 00} 0

---q--—-—-__-___——___---——-_—-_-__—_-qlqj-____q__-—_-u—____-__-—_-—4—____-________—__-_-—___—__‘q-__—_
i 2

s S

B pooy seaA-00G JOYE ANyttt

i (81 x uonesabbexa |eoiuaA) POO} JEaA-001 JOWE BpMY === ]
i € NOILO3S SSOHO ‘S HOV3H (¥661) OPMIE feny| :
|____.___H______________Ll.——________._.________.___.__.._____F__._._____.._.__________________.____.__....~___

8cv
ocy
cety
14917
oty
8ty
ov¥y
A 4%
1447
avy
5147

8¢t
octy
4914
vey
9ty
eev
0] 47
[A74%
17447
)47
2147

73AT1T V3S 3A08YV SHILIAN NI '3ANLILTV

69

APPENDIX C



SHILAW NI ‘MNVE 1437 WOdd IONVLSIA

09 oy 0¢

0c¢d 00¢ 081

09t

|

I | T I Il‘[j ITT! I ) I T

L AL

ovi Ocl

00t 08

(fx uonelobbexs |esiuon)
I NOILO3S SSOHD "9 HOV3IY

I T I ! T

pooy jeah-0Qg Jeye spnify
pooj} lesA-gp} Jeye epnilly —

(p661) apnue fenu|

8Ly
Oct
v
vev
¢y
8cv
ocy
ey
14914
191 7%
8evy

73A31T VIS IA0QY SHIALIW NI ‘FANLILTY

70 Estimates of Bridge Scour at Two Sites on the Virgin River, Southeastern Nevada



APPENDIX D

Name, Size, and Description of Input and Output Files for the Estimate of

Bridge Scour on the Virgin River, Southeastern Nevada
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Appendix D. Name, size, and description of input and output files for the estimate of bridge scour on the Virgin River,
Southeastern Nevada @

File or directory Size

name (bytes) Description

model_sourcecode.dir 403,653 Source code for BRI-STARS model version 3.3,

river.bdg 15,521  Input file used in model calibration for Riverside bridge.

little.bdg 27,011  Input file used in model calibration for Mesquite bridge.

river.dat 1,277  WSPRO file used in model for Riverside bridge.

little.dat 629 WSPRO file used in model for Mesquite bridge.

riverend.out 28,925  Calibration output file for Riverside bridge.

litend.out 21,193  Calibration output file for Mesquite bridge.

riverend.xs 8,349  Calibration cross-section output file for Riverside bridge.

litend.xs 6,770  Calibration cross-section output file for Mesquite bridge.

riv100.rev 15,565 Input file used in model to estimate scour for 100-year flood at Riverside bridge.
riv500.rev 15,570  Input file used in model to estimate scour for 500-year flood at Riverside bridge.
1it100.rev 27,057 Input file used in model to estimate scour for 100-year flood at Mesquite bridge.
1it500.rev 27,020  Input file used in model to estimate scour for 500-year flood at Mesquite bridge.
rivl 00.out 28,925  Output file for 100-year flood at Riverside bridge.

riv500.out 28925  Output file for 500-year flood at Riverside bridge.

1it100.0out 26,711  Output file for 100-year flood at Mesquite bridge.

1it500.0ut 28,925  Output file for 500-year flood at Mesquite bridge.

riv100.pm 7,492 Cross-section output file for 100-year flood at Riverside bridge.

riv500.pm 7,482  Cross-section output file for 500-year flood at Riverside bridge.

1it100.pm 6,717  Cross-section output file for 100-year flood at Mesquite bridge.

1it500.pmn 6,701  Cross-section output file for 500-year flood at Mesquite bridge.

river.61 3,294  Cross-section output for 100- and 500-year flood for cross-section 6-1, Rivers'de bridge.

2 For more information, contact Public Information Assistant: phone (702) 887-7600; email usgsinfo_nv@usgs.gov.
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